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Experiment 1: Identification of putative nitroreductase genes by hybridization and PCR.
Nitroheterocyclics and nitroaromatics pose a large environmental and health risk due to the reductive metabolism of the parent compound’s nitro component into nitro derivatives by enzymes termed nitroreductases. Two nitroreductase genes, nfsA and nfsB, were identified and cloned and their gene products, NfsA and NfsB were biochemically characterized in E. coli. It was found that Bacillus subtilis had two forms of type A nitroreductases, homologues of NfsA. NfrA, and BnrA We have set out to determine whether other species of Bacillus that have been phylogenetically characterized as belonging to the same rRNA (1) group would also carry the multiple forms of the type A nitroreductases and determine the distribution of type A nitroreductase within the genus. We used PCR and DNA:DNA hybridization techniques and found that B. subtilis, B. amyloliquefaciens, B. atrophaeus, B. globigii, B. niger carry both forms of the type A nitroreductases. I discuss possible evolutionary implications. 
Nitroheterocyclics and nitroaromatics are nitro-substituted compounds widely used in manufacturing processes. They pose a large environmental and health risk due to the potent biological activity surrounding the reductive metabolism of the parent compound’s nitro component into nitro derivatives, some of which have been identified to be potential mutagens for bacteria, humans and rodents (3).
 In E. coli, the mutagenicity of the nitro intermediates for the metabolism or the nitroaromatic nitrofurazone, were formed by enzymes termed nitroreductases, NfsA and NfsB and NfsC (5). In previous experiments the two nitroreductase genes, nfsA and nfsB, were identified and cloned and their gene products, NfsA and NfsB were biochemically characterized (5). Several other bacterial species, including Salmonella typhimurium, Enterobacter cloacae, Vibrio harveyi, Helicobacter pylori and Bacillus subtilis, also had their nitroreductase genes cloned and sequenced (3). When comparing the unfinished bacterial genomes from Genbank it was found that many comparative homologous nitroreductases shared some sequence identity near the amino terminus of both E. coIi’s NfsA and NfsB respectively, suggesting that they may be derivatives of a common progenitor (3,5). 
It was found that Bacillus subtilis had not only one or two forms of nitroreductases, but in fact had six (5). Two were found the be homologues of NfsA; NfrA1, which because of its high amino acid sequence similarity would suggest to its orthological relationship to NfsA, and BnrA, which, though part of the NfsA family, is slightly more distant from NfsA than is NfrA1(5). The other four forms of nitroreductase were homologous to NfsB

Since it seems that the various forms of nitroreductases share an evolutionary similarity, using PCR and DNA:DNA hybridization techniques, in a 9 group project ( of which we are group six), we have set out to determine whether other species of Bacillus that have been phylogenetically characterized as belonging to the same rRNA (1) group would also carry the multiple forms of the type A nitroreductases and determine the distribution of type A nitroreductase within the genus.
Materials and Methods 
Preparation of bacterial genomic DNA. Five ml of overnight cultures of B. atrophaues and B. Subtilis were centrifuged for 5-10 min at high speed drained off supernatant and the pellets resuspended in 1.8 TE buffer (0.1mM Tris, 0.01mM EDTA, pH 8.0). 100 μL of Lysozyme was added and incubated at 37ºC for 15min then 100μL of 10%SDS and 10μL of proteinase K (20mg/mL) were mixed and further incubated at 37ºC for 30min. After which, 335 μL of 5 M NaCl was added then vortexed and then 267 μL CTAB/NaCl solution (10% CTAB (hexadecyltrimethyl ammonium bromide), 0.7 M NaCl) was added followed by vortexing and then incubation for 10 min at 65ºC. 5 mL of 24:1 chloroform/isoamyl alcohol was added followed by vortexing and then centrifugation for 10 min. the upper phase was then transferred using a P1000 with a cut off tip, to a clean tube. Then 20 μL RNase A solution (10 mg/mL) was added followed by 30 min of incubation at 37ºC. With gloves, 5 mL of 25:24:1 phenol/chloroform/isoamyl alcohol was added, then vortexed and then centrifuged for 10 min. Again we transferred the upper phase to a clean tube, avoiding the interface. 0.6 volumes of isopropanol was gently slide into the tube forming a layer on top of the DNA solution. The tube was swirled gently until all DNA precipitated out of solution at the interface. The clump of DNA was drawn out with a P200 into a clean tube and washed with 500μL of 70% isopropanol. Centrifuge for 1 min in the microfuge, after which all supernatant was removed with a P200. The pellet was dried at 37ºC for 10-15min and then resuspended in 50μL TE buffer. 
Table 0. OD and DNA concentration 

values for Bacillus strains
	strains
	OD value
	conc. of DNA(μg/μL)

	E.C
	0.16
	0.8

	B. Sb
	0.15
	0.75

	B. Am
	0.1
	0.5

	B. Th
	0.12
	0.6

	B. C
	0.07
	0.35

	B. Az
	0.12
	0.6

	B. Lu
	0.09
	0.45

	B. Lb
	0.03
	0.15

	B. Mg
	0.15
	0.75

	E. C
	0.19
	0.95

	B. Sb
	0.15
	0.75

	B. At
	0.08
	0.4

	B. G
	0.09
	0.45

	B. N
	0.05
	0.25

	B. Ln
	0.09
	0.45

	B. F
	0.19
	0.95

	B. Pm
	0.07
	0.35

	B.Mg
	0.15
	0.75


Quantifying nucleic acid by spectrophotometry. A 100 fold dilution was made of the DNA with dH2O and then transferred to the Ultra spec, which was set to 260 nm and zeroed with dH2O, to read the OD. The quantity of DNA was calculated using the following equation: conc. of DNA (μg/μL) = 50 μg/mL x OD x 0.5 mL/5μL. 


PCR of nitroreductase DNA from bacterial genomic DNA. In separate 1.5μL microfuge tubes, sub-mixes A and B were prepared for 10 reactions. For submix A, 61μL of dH2O, 20 μL of 10X PCR buffer, 8 μL of 50 mM MgCl2, and 3.5μL of Taq polymerase were added and then held on ice. For submix B, 74μL of dH2O, 4μL of 10mM dNTP, 6μL of 10 pmol/μL forward primer (we used the A2 forward primer designed to anneal preferentially to bnrA) and 6μL of 10 pmol/μL reverse primer was put together and added to 9 sterile PCR tubes. The 8 samples of genomic DNA (see Table 1 for the Bacillus strains used by the entire class and see fig 1 (a) for which ones we used) were then diluted a 100 fold and 1μL of each where placed in their own PCR. B. subtilis was used as a positive control, E.coli as the stringent control and 1μL of dH2O as a negative control. 10μL of submix A was then added  to each PCR tube, and then quick spun in a microfuge. A PCR machine was used to carry out PCR with 1 cycle of 1 min at 94ºC; 30 cycles of: 30 sec at 94ºC, 30 sec at 40ºC and 30 sec at 72ºC; 1 cycle of 5 min at 72ºC; and then hold overnight at 4ºC and was stored in the freezer.

Agarose gel electrophoresis of PCR amplified nitroreductase genes. 8μL of each of the 8 PCR reactions were mixed with 2μL of loading buffer (30% glycerol, 5 mM EDTA (pH 8.0), 0,025% bromophenol blue, 0.025% xylene cyanol). One tube was prepared with 5μL loading buffer and 2μL of a 1kb ladder standard DNA. The samples were then loaded and run on an agarose gel buffered with 1X TAE buffer (0.04 M Tris, 0.02 M Na acetate, 0.002 M EDTA, pH 8.0) and run at 80 volts until the tracking dye is 3cm from the end of the gel. The gel was then stained in EtBr for 10 min and then the gel was photographed.

Extracting a DNA fragment from an agarose gel using gene clean. The fragment corresponding to the 0.3 kb fragment generated by the B. subtilis genomic DNA was extracted from the gel using a razor. The slice was weighed and then 2.5 volumes of 6 M NaI solution were added to it and then incubated at 50ºC until dissolved and then added vortexed Glass MilkTM and after flicking the tube set it on ice for 5 min. The tube was spun to pellet which was then washed 3 times, using 400μL New Wash solution and resuspending the glass milk, spinning and discarding the supernatant. After the third wash, the tube was spun and drained using a P20, 10μL dH2O was added to elute the DNA from the Glass milk, and then incubated for 5 min at 50ºC. The tube was spun for 30 secs and the transferring the DNA containing supernatant to a clean microfuge tube to be used as the hybridization probe.

Labelling the DNA probe by random hexanucleotide primer. The gene-cleaned PCR fragment was denatured by incubating in boiling bath for 10 min, and then immediately placed on ice. A mix of 5μL denatured DNA, 1μL hexanucleotide primer mixture, 1μL dNTP labelling mixture, 2μL dH2O and 1μL Klenow enzyme was added to a microfuge tube, spun and incubated overnight at 37ºC. The labelled probe was then purified using Gene Clean as previously described.  

Digestion of genomic DNA with restriction enzymes. For each DNA sample, 3μL of dH2O, 10 X # 2 restriction buffer, 5μL DNA and 1μL of HindIII restriction enzyme (20 units/ μL) were prepared and incubated for an hour at 37ºC.

Agarose gel electrophoresis of genomic DNA digests. Following procedures already described, the DNA samples were run on the agarose gel until the dye was about 1.5 cm from the end of the gel. The gel was stained with EtBr for 5 min and then destained in dH2O for 5min before being photographed.


Sourthern Blot. The gel was depurinated in 100 mL of 0.2 M HCL for 10 min at 25ºC with rocking. After rinsing, the gel was soaked in 100 mL denaturating solution (1.5 M NaCl, 0.5 M NaOH) for another 10 min at 25ºC with rocking. After which the gel was rinsed in dH2O and then soaked in 100mL neutralizing solution (1 M Tris-HCl (pH 7.5), 1.5 M NaCl) for 10 min at 25ºC and then rinsed again in dH2O. The gel was rolled onto damp 3 MM paper whose ends draped over a glass plate into a try of 500 μL 10 X SSC (1.5 M NaCl, 0.15 M Sodium citrate (pH 7.0)). A piece of nylon paper was applied to the gel wetted with 2X SSC. Two more Whatman papers were placed on top of the membrane as well as a 3 inch stack of paper towels cut the size of the gel. A glass plate was placed with a 500gm weight on the gel and papers. Once the transfer was complete, the nylon membrane was taken and rinsed DNA side up in 2X SSC, then partially dry before exposing it to the UV transilluminator, where the DNA was fixated for 5 min to the filter.

DNA:DNA hybridization with the PCR generated nitroreductase DNA probe. After placing the filter to a hybridization tube, 10mL of hybridization solution (5X SSC, 0.1% (w/v) sodium N-laurylsarcosine, 0.02% SDS, 1% blocking reagent (skim milk)) was added and then incubated for 1 hour at 50ºC in the hybridization oven. The solution was then replaced with 10 mL of fresh hybridization solution and the filter was hybridized using the labelled PCR probe DNA which was denatured by boiling for 10 min and then quick chilled before spinning it down to add. Incubation was overnight in the hybridization oven at 50ºC. Repeating this twice the solution was discarded and 10mL of 2X SSC + 0.1% SDS was then added to wash and then itself was discarded and replaced with 10mL of 0.1x SSC + 0.1% SDS. The filter was incubated with at 50ºC for 15min then transferred into a Petri dish of 10 mL of buffer 1 (100 mM Tris-HCl, pH 7.5, 150 mM NaCl, 0.3% tween) for 1 min. Then the filter was washed with 20 mL of buffer 2 (0.5% blocking reagent in buffer 1) for 30 min with rocking. The solution was replaced with 15 mL of buffer 2 with 1.5 μL of antibody conjugate with another 30 min of rocking, and then the filter was washed twice in 20 mL buffer 1 for 15 min. The filter was equilibrated in 10 mL of buffer 3 (100 mM Tris-HCl, pH 9.5, 100 mM NaCl) for 2 min, after discarding the solution, dilute CSPD ( 0.1 mL CSPD in 10 mL of buffer 3) was rocked over the filter for 5 min. The filter was removed and wrapped in plastic wrap and incubated for 15 min at 37ºC before placing in the X-ray cassette for exposure.
Table 1. Details of the test strains, their sources and rRNA grouping (1, 2).
	B. amyloliquefaciens (B. Am)
	BGSC 10A1
	Group 1

	B. atrophaeus (B. At)
	NRRL NRS650
	Group 1

	B. azotoformans (B. Az)
	NRRL B14523
	Group 1

	B. cereus (B. C)
	BGSC GA5
	Group 1

	B. firmus (B. F)
	NRRL B14307
	Group 1

	B. globigii (B. G)
	BGSC 11A1
	?

	B. lautus (B. Lu)
	NRRL NRS666
	Group 1

	B. lentimorbus (B. Lb)
	NRRL B2522
	Group 1

	B. lentus (B. Ln)
	NRRL B1107
	Group 1

	B. megaterium (B. Mg)
	NRRL B14308
	Group 1

	B. niger (B. N)
	BGSC 12A1
	?

	B. pumilus (B. Pm)
	BGSC 8A3
	Group 1

	B. subtilis (B. Sb)
	
	Group 1

	B. thuringiensis (B. Th)
	NRRL B23419
	Group 1

	E. coli (E. C)
	AB1157
	NA

	Brevibacillus brevis (B. B)
	
	Previously in Bacillus genus

	Paenibacillus amylolyticus (P. A)
	
	


Results

Table 2. PCR and DNA:DNA hybridization class results

	
	1
	3
	5
	7
	9
	demo
	Groups for A1 primer

	
	2
	4
	6
	8
	
	demo
	Groups for A2 primer

	B. Sb
	+ ve
	+ ve
	+ ve
	+ ve
	
	+ ve
	A1 

	B. Sb
	- ve
	- ve
	+ ve
	+ ve
	
	+ ve
	A2 

	B. N
	
	
	
	+wk
	- ve
	+ ve
	A1 

	B. N
	
	
	+ ve
	+ ve
	
	+ ve
	A2 

	B. G
	
	
	
	+wk
	+/P
	+wk
	A1 

	B. G
	
	
	+ ve
	+ ve
	
	+wk
	A2 

	B. Am
	+ ve
	+ ve
	___    
	
	
	+ ve
	A1 

	B. Am
	+ ve
	+ ve
	
	
	
	+ ve
	A2 

	B. Lb
	
	Pwk
	
	
	
	- ve
	A1 

	B. Lb
	
	Pwk
	
	
	
	- ve
	A2 

	B. At
	
	
	
	+ ve
	- ve
	+ ve
	A1 

	B. At
	
	
	+ ve
	- ve
	
	+ ve
	A2 

	B. Pm
	
	
	
	- ve
	- ve
	
	A1 

	B. Pm
	
	
	- ve
	- ve
	
	
	A2 

	B. Lu
	- ve
	- ve
	P
	
	
	- ve
	A1 

	B. Lu
	- ve
	- ve
	
	
	
	- ve
	A2 

	B. C
	- ve
	Pwk
	
	
	
	
	A1 

	B. C
	- ve
	- ve
	
	
	
	
	A2 

	B. Th
	+wk
	+/P
	+/Pwk
	
	
	+wk
	A1 

	B. Th
	- ve
	- ve
	
	
	
	- ve
	A2 

	B. Az
	- ve
	Pwk
	P
	
	
	- ve
	A1 

	B. Az
	- ve
	- ve
	
	
	
	- ve
	A2 

	B. Ln
	
	
	
	
	+ ve
	- ve
	A1 

	B. Ln
	
	
	
	- ve
	
	+ ve
	A2 

	B. F
	
	
	
	P
	P
	Pwk
	A1 

	B. F
	
	
	- ve
	- ve
	
	- ve
	A2 

	B. Mg
	Pwk
	
	+/P
	- ve
	
	
	A1 

	B. Mg
	- ve
	
	P
	
	
	
	A2 

	E. C
	- ve
	- ve
	+wk/Pwk
	- ve
	
	- ve
	A1 

	E. C
	- ve
	- ve
	- ve
	- ve
	
	- ve
	A2 

	B. B
	
	
	
	
	
	- ve
	A1 

	B. B
	
	
	
	
	
	- ve
	A2 

	P. A
	
	
	
	
	
	- ve
	A1 

	P. A
	
	
	
	
	
	- ve
	A2 

	-ve control
	- ve
	- ve
	
	- ve
	- ve
	
	A1 

	-ve control
	- ve
	- ve
	- ve
	- ve
	
	- ve
	A2 


+ ve = PCR band same size as B. Sb, - ve = no band, P = polymorphic (different band size than B. sb),  wk = weak band, Pwk = weak polymorphic, +wk = faint positive, ___ = hybridization positive.
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Fig 1. (a) Agarose gel electrophoresis of PCR amplified bnrA nitroreductase genes. Lane order: 1, PCR generated DNA of E. coli (stringency control) genomic DNA (10μL); 2, 1kb ladder; 3, B. sb; 4, B. At; 5, B. F; 6, B. G; 7, B. Mg; 8, B. N; 9, B. Pm; 10, -ve control (H2O) (b) Agarose gel electrophoresis of genomic DNA digests. Lane order: 1, E. coli; 2, 1kb ladder; 3, B. sb; 4, B. At; 5, B. B; 6, B. F; 7, B. G; 8, B. Mg; 9, B. N; 10, P. A (c) Autoradiograph of Southern blot obtained from genomic gel digest. Lane order: 1, E. coli; 2, 1kb ladder; 3, B. sb; 4, B. At; 5, B. B; 6, B. F; 7, B. G; 8, B. Mg; 9, B. N; 10, P. A
For the experiment all odd numbered groups had used the A1 primer which was designed to anneal to nfrA1 in PCR and all even numbered groups had used the A2 forward primer designed to anneal to bnrA.
From figure 1(a) we, as group 6, obtained from the PCR analysis five bands. Four for  B. subtilis, B. atrophaeus, B. globigii and B. niger which were about 0.25kb, or 250b, in size. We also got a band for B. Mg which was polymorphic to the band size of B. Sb and the others. Between all the groups, there seemed to be a general consensus that B. amyloliquefaciens, B. atrophaeus, B. globigii and B. niger all had PCR products that matched B. subtilis. The rest of the groups’ PCR results are detailed out in Table 2, which summarizes the entire data set for the experiment Rather than going through each groups result the general data trends will be dealt with in the discussion. 
For the hybridization results in figure 1(b), we did not have any DNA visible for E. C and B. Sb, though the other genomic DNA digests ran nicely.

Upon taking the autoradiograph of the genomic digest gel, we found that the probe had annealed to three fragments, roughly .75kb or 750b in size, corresponding to B. atrophaeus, B. globigii and B. niger (fig 1 (c)).
All odd numbered groups that had used the A1 primer which was designed to anneal to nfrA1 in PCR, detected fragments on their autoradiographs in B. subtilis, B. amyloliquefaciens, B. atrophaeus, B. globigii and B. niger. All even numbered groups that had used the A2 forward primer designed to anneal to bnrA also had detection from their probes in B. subtilis, B. amyloliquefaciens, B. atrophaeus, B. globigii and B. niger (Table 2)
Discussion

Correlating data from our colleagues from groups one to nine from both PCR and DNA:DNA hybridization results in Table 2. It appears that, like B. subtilis, B. amyloliquefaciens, B. atrophaeus, B. globigii, B. niger carry both forms of the type A nitroreductases. This makes sense phylogenetically looking at figure 2 which Carol Ash et al. derived in their article (1). It is clear that B. subtilis, B. amyloliquefaciens and B. atrophaeus are closely related, being only separated by an evolutionary distance of at most five full length branch lengths between B. amyloliquefaciens and B. atrophaeus. Unfortunately B. globigii and B. niger were not characterized in the Ash article (1) but another article states that the two are actually variants of B. subtilis (6). Both carry the nfsA1 and bnrA genes, though B. niger had strong positives rather than weak positives like B. globigii. Another species present on the same local branch is B. lentimorbus which is only three evolutionary branch lengths from B. subtilis and yet seems to have lost both its nfrA1 and bnrA genes, though groups 3 and 4 did detect weak polymorphs. This would suggest that, despite perhaps being false positives, the polymorphs are indications that they still exists partial sequences from both the nfrA1 and bnrA genes.
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Fig. 2. Group 1 of the evolutionary distance tree showing the phylogenetic relationship between the genus Bacillus. The evolutionary distance between two species is the sum of the total branch lengths between them (1).

The PCR results also gave contradictory results for B. lentus, in that group 8 found a negative result for nfrA1, while our demonstrator found a positive and vice versa for group 9 and the demonstrator’s results for bnrA. Comparing B. lentus on the pylogenetic tree with B. subtilis, it becomes clear that, seeing as B. lentus is ten evolutionary branch lengths away from B. subtilis and is one of the earlier evolutionary deviations, its possible that these contradictory results, if not attributed to error, could signify that both the nfrA1 and bnrA genes must have appeared early on in the genus. B. thuringiensis, on the other hand, being nine branch lengths away in phylogeny from B. subtilis and is located on the same branch off as B. cereus (themselves only being two branch lengths apart), suggests that even though B. cereus has seemingly no nfrA1 gene (though group 3 did detect a weak polymorph suggesting that perhaps part of the gene may yet exist) B. thuringiensis was found to have a probably lost its bnrA gene but has an nfrA1 gene for which it tests weakly positive for.
Comparing the other strains lower on the tree, B. megaterium is the farthest, evolutionarily speaking, away from B. subtilis with 12 branch lengths between them (Fig. 1). We, as group 6, had a polymorphic band as a result and groups 1 and 5 obtained weak polymorphic bands. This would suggest that B. megaterium may still have residual sequences of nfrA1 and bnrA, though it has probably lost both functioning forms of them.
Table 2 was arranged by placing all the Bacillus strains in evolutionary comparison with B. subtilis, it is clear the farther down the table (i.e. the farther evolutionarily) one goes from B. subtilis the less likely one is going to find both the nfrA1 and bnrA genes. That is with the possible exception of B. lentus. This would lend to the idea that the organisms on B. subtilis’s evolutionary were the only ones to conserve the functioning genes of both nfrA1 and bnrA.

Polymorphic bands suggest a different fragment size from what is expected, therefore one logically concludes that the polymorphic band is not actually detecting the nfrA1 gene. However it may also suggest that a partial sequence of the gene (enough of it to be detected by a probe) may still be intact within the genome of its host. Of course due to various forms of mutations; chromosomal mutations could cause the gene to be broken up and/ or moved around on the chromosome, inversions, duplications and even deletion of the gene; as well insertion and deletion point mutations in could account for the polymorph’s existence other than as a false positive, which it can also be. 

False positives in PCR could have well occurred due to the carry over of DNA from a previous amplification and contaminating the current one (4). Our polymorph for B. megaterium probably was cased by such contamination.. Another possibility could be that since primer annealation temperatures had to be kept low to prevent our A1 forward primer from amplifying any bnrA sequences, which lowered our stringency of the reaction quite a bit which may also account for any false positives (2). 

In terms of how a false positive could arise in a hybridization reaction, is most likely a result of having the annealing step too low, resulting in the probe binding to more dissimilar sequences.
Another error is when obtaining false negatives as it seems we did with our B. subtilis lane in the genomic digest gel ( fig (b)). In PCR such errors probably occur by setting the temperature in the annealing step too high, so that the primers don’t anneal to the template. In hybridization reactions its much the same way. In our case it seems as if we actually did not have any B. subtilis genomic DNA in the sample, as evidenced by the missing B. subtilis DNA for groups 7, 8 and 9.

The agreeability of the two techniques is laudable. It should be noted that the estimated size of the fragments obtained for the PCR products, which was approximately 250b (fig 1 (a)), correlates with the 249 b size for bnrA given in ( fig 3). However a size difference of 500 bases was found with the results from the hybridization (fig 1 (c)), but this is due to the fact that the fragments which the probe has annealed to, do not consist solely of the bnrA gene. Since the genomic DNA was digested with the restriction enzyme HindIII, and all the fragments are the same size, it would seem that the location of the genes among B. subtilis, B. amyloliquefaciens, B. atrophaeus, B. globigii, B. niger are similar.  
[image: image3.jpg]NEral:ENNTHET TLNEISS Py DQLLTAEEIDTLWSAQAAS YSIIGVSEPEKKRELSVL 63

NEra2 EPVAQnQLDQImAVQSAPs INGEQVTVITV RKKKISEL 63
NfsA P EPISEAQREAIINSARATSSESFLECSSIIRT ELVTL 63
Frp il \VPITDEQRQTIIQAGLAASSFSMLEVVSIVRVTESEKRNELAQF 63

(1
o
YEHQOLAREKGEHI SELLENTEMFMVSLY QNMST] 126
TALEDLEDFKME ITNGLESVLVGAS 126
LQICPDAQLGL~ 120
ATINPDVQADF— 120
0o oo o oo

Nfral: LDRVTE! HVL] LSGK: QA NINN- 188
NEra2: NPQELIE: YVE] VI RSAKE A ETMLN 189
Nfs}\ - IEAVTK! HVL] NPDL; SILVEENSNQP 182
SAAQVDE! NSAY C QNPE! NOMOE 183

_____________ e fimmet

31 [c1 141 (] (5]

°

NfrAl : VNTDDFRETMN' TIS] STNGKREE QILNFMKQKPRTYLNDYVKEKEFNKN* 249

NfrA2:QDELTSH-~IQ: QMSERMNKITNGKE TRNEEOS TASY YERLY Y PHIREMLEK! VEK* 249
NESA :LDKGAL- QLAENYLTIGSNNRRD' HIRRTIIKESRPFILDYLEKQEWATR* 240
Frp :LNLDDI----QS){8OTMOAMNYASITSNOKLS! EVTGKLAGE SRPHILPYLNS! * 240





Fig 3. Size comparisons of  NfrA1 (nfrA1) and  NfrA2 (bnrA) (5)
The advantages of using PCR when looking for putative homologues is that you would already have the primer sequence ready from your current gene that you want to find homologues for. This is also possible with hybridization but only insofar as giving a rough size of the gene when detected. PCR pretty much gives the entire gene sequence though false positives and negatives seem to be easier to come by and are more prominent than in hybridization. Also PCR is a much more strenuous technique, whereas hybridization is more fundamental. In the end using both, if the funds are there, probably is the best way to go, especially in regards to testing the rest of the Group 1 Bacillus (fig 2) for whether or not they contain type A nitroreductases.
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